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ABSTRACT
Background: Flexor tenosynovitis and tendon rupture
are rare, yet serious complications after treatment of
a fractured distal radius with a volar plate. The highest
incidents of rupture are associated with the plate on
or distal to the watershed line of the radius. While
studies have shown that reattachment of the pronator
quadratus (PQ) following plating does not lead to
improved measures in grip strength or range of motion,
it may reduce the incidence of these complications.
Reattachment of the PQ after a standard approach
does not often capture the distal edge of the plate. We
report results of a new rotational muscle flap technique
for improved coverage.
Methods: The PQ of 13 cadaver forearms were
exposed. The muscle was then raised and a volar
distal radius plate was applied to the forearm. The PQ
was repositioned over the plate and photographed
to document its initial plate coverage area. Varying
amounts of rotational back cutting were utilized to
reposition the PQ. The amount of plate coverage was
then analyzed.
Results: Varying amounts of back cutting of the PQ
increased the coverage of the distal radius plate, from
a 54% increase from a 25% cut up to an 82% increase
from a 75% cut. However, rotation of the muscle flap
from larger back cuts will increase distal coverage at
the expense of proximal coverage.
Conclusions: Repair of the PQ to cover the volar plate
after distal radius open reduction internal fixation is
often difficult. When utilizing a PQ back-cut technique,
surgeons can achieve improved coverage of distal
radius plates by the PQ flap.
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INTRODUCTION
Repair of the pronator quadratus (PQ), after elevation
of the muscle for treatment of distal radius fractures,
is debated. The utility of this effort has been an
area of debate amongst orthopaedic surgeons as
it can be difficult to advance the muscle radially
due to muscle damage from trauma and surgical
exposure.1 Although each individual patient will have
PQ anatomical variances,2 proximal release of the PQ
allows advancement of the muscle distally to cover
the exposed volar rim of the volar plate.3,4,5 The PQ
functions not only in wrist pronation, but can also
provide a friction pad for the flexor pollicis longus and
the flexor digitorum profundus of the index finger.
Flexor tenosynovitis and tendon rupture are serious
complications after treatment of a fractured distal
radius with a volar plate. These injuries are rare, with
a reported incidence of 1%.6 The highest incidents of
rupture are associated with the plate on or distal to
the watershed line of the radius. The risk of tendonitis
or tendon rupture may be reduced by 1) releasing part
of the PQ proximally to improve distal coverage of the
distal radial volar plate, and 2) facilitating the repair of
the transitional fiber zone.
Implant prominence after distal radius fracture volar
plating can lead to flexor tenosynovitis and eventual
tendon rupture, with the most common ruptured
tendons being the flexor pollicis longus and flexor
digitorum profundus of the index finger. Higher rupture
rates have been associated with plate placement distal

to the watershed line of the volar distal radius.3,4 Huang
et al7 performed a technique where the PQ is split in a
transverse fashion along the more distal aspect of the
PQ, which allows a portion of the PQ to cover the distal
aspect of the volar plate. Goorens et al8 established
the value of proximal plate positioning and repair of
the PQ in the management of distal radius fractures
to maximize the distance between the plate and flexor
tendons, thus theoretically decreasing the incidence of
flexor tendon injuries.
The PQ is also important in forearm pronation, grip
strength, and distal radial ulnar joint stability.8 It has
been found to contribute considerably to pronation
and can result in functional deficits if damanged.8
Furthermore, while PQ repair does not seem to affect
clinical outcomes with regards to DASH (Disabilities
of the Arm, Shoulder and Hand) scores, some patients
have shown improvement in strength postoperatively.1,2,9
In this study, we aim to address this issue by using a
pronator quadratus back-cut technique, and to further
quantify the amount of increased coverage that this
technique is able to achieve.

MATERIALS AND METHODS
Thirteen fresh-frozen cadaver hands with forearms were
used in this study. A fellowship-trained hand surgeon
exposed the PQ and marked the most proximal and
distal aspects of the muscle at the ulnar border. The
length of the PQ was measured along the ulnar border,
and the PQ was marked at 0%, 25%, 50%, and 75% of
its total length. The neurovascular bundle, which is
consistently found 1 to 3.5 cm from the proximal ulnar
margin of the PQ muscle, was isolated and protected.
The muscle was raised off the radial insertion site of
the distal radius with an inverted L-shaped incision
and elevated off the underlying periosteum per the
standard approach to volar plate fixation.10 A Geminus
volar distal radius plate (Skeletal Dynamics, Miami,
FL) was positioned on the radius to simulate repair
of a distal radius fracture, and it was held in place
with a single 3.5 mm x 15 mm screw positioned in the
oblong hole along its shaft. A Nikon digital camera was
mounted normally to the plate surface to document
plate coverage. The plate was photographed on the
distal radius for calibration of the software for each
specimen and normalization of data across specimens.
The camera and specimen were fixed in position for the
remainder of each test. The PQ was repositioned over
the plate and photographed to document its initial plate
coverage area (Figure 1).
A back-cut with rotational muscle flap technique was
then implemented to quantify the difference in plate
coverage area relative to the initial plate coverage area.
Sequential back cuts to 25%, 50%, and 75% of the ulnar
border length were made at the proximal, ulnar border
of the PQ, radial and volar to the anterior interosseous
(AIN) branch of the median nerve. The PQ was
repositioned over the plate after each sequential cut

using a rotational flap technique moving the proximal
edge of the PQ, radially (Figure 1). The specimen was
again photographed to document coverage of the plate.
Care was taken during repositioning at each step to
optimize total plate coverage area. After the 75% cut
was documented, the PQ was translated distally over
the plate with the goal of maximizing coverage of the
distal end of the volar plate. (Figure 1). An additional
photograph was taken to document plate coverage.
Plate coverage area was quantified using ImageJ
open source software. Before analysis, the plate
was virtually divided into proximal and distal. For all
photographs, an outline was drawn encompassing the
exposed regions of the volar distal radius plate. With
the outline of the exposed plate, ImageJ was used to
quantify exposed plate area (total, distal only, proximal
only) after coverage by the intact and sequentially
sectioned PQ for each specimen. The primary outcome
measure was the increase in percentage of plate
coverage from intact PQ to 25%, 50%, and 75% of the
proximal to distal length of the pronator quadratus
muscle compared to un-sectioned specimens,
respectively. This allowed for normalization against size
and geometrical effects for each specimen. Results are
presented as percentage increase in coverage of the
distal aspect of the volar plate (DVP) and percentage
increase in coverage of the proximal aspect of the volar
plate (PVP) as prepared by the ImageJ software. We
report the mean and standard deviation (SD) for the
thirteen samples.

RESULTS
A 25% cut of the proximal aspect of the PQ resulted in
an increase in coverage of 54.3% (SD 0.2%) of the DVP
and 34.3% (SD 0.5%) of the PVP. A 50% cut increased
coverage to 64.7% (SD 0.2%) of the DVP and 42.5%
(SD 0.7%) of the PVP. A 75% cut increased coverage to
82.0% (SD 0.2%) of the DVP, but decreased coverage to
11.1% (SD 0.9%) of the PVP.
Summary
A PQ rotational muscle flap allows for increased
excursion to cover the distal aspect of a volar distal
radius plate. Rotation of the muscle flap created from a
75% back cut increases distal coverage of the plate, but
decreases proximal coverage

DISCUSSION
In the literature, repair of the PQ is debatable in regard
to its impact on functional outcome after distal radius
fracture fixation with volar plate. However, a large
number of surgeons still consider coverage of the volar
plate with PQ to be an essential part of the procedure.
This is most likely because its use as a friction pad
to protect flexor tendons appears advantageous in
order to decrease the risk of flexor tendon injuries
and mitigate complications. Creating a muscle flap by
transecting the PQ ulnarly would allow establishment of
such a friction pad, thus achieving the goal of reduced
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Figure 1. Sequential analysis of a single specimen using ImageJ. The exposed plate is outlined in
yellow. A) Initial coverage of the volar plate. B) Volar plate coverage after a 25% cut, C) 50% cut,
D) 75% cut, E) and 75% cut with effort made to cover the entire distal end of the plate and the
transitional fibrous zone. F) The outlined proximal half of the plate (blue) and the outlined distal half
of the plate (green).
flexor tendon injuries. This technique also preserves the
vascular supply of the PQ and careful dissection, with
identification of the AIN along the ulnar aspect of the
PQ,11 potentially minimizes neurologic injuries and could
preserve motor function in a live subject. While trauma
often disrupts the PQ, we find that this disruption
usually occurs distally in the PQ muscle belly and the
proximal neurovascular anatomy of the PQ is relatively
preserved.
Denervation and devascularization of the PQ is a
risk. However, anatomical studies have recognized clear
landmarks for the AIN branch of the median nerve. The
AIN branch of the PQ is 1 to 3 cm proximal to the ulnar
styloid process or distal 13% of the forearm length, and
it is 2 cm lateral to the medial border of the ulna or
40% of the wrist width on the ulnar side.12 The normal
anatomy of the neurovascular bundle is median to the
ulnar origin of the pronator quadratus.12 Therefore, it is
our belief that careful dissection and identification of
the AIN branch leads to a minimal risk of neurovascular
bundle injury with this muscle flap technique.
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Limitations
A possible criticism of this technique is whether the
muscle will retain its function after this procedure.
While we do not yet have studies evaluating the
strength and function of the PQ after this technique,
the muscle’s insertion is reestablished during repair and
half of the origin is preserved. The muscle also should
retain its vascularity and innervation, given that the
neurovascular pedicle is not disturbed. The effect of the
strength and function of the PQ would be a possible
future area of investigation. In addition, advancing the
pronator quadratus distally after 75% back cut places
muscle in the region of the transitional fibrous zone,
which may not be ideal. This is a cadaveric technique;
therefore, the benefit of this technique is theoretical
and future studies in vivo are needed to determine
benefit in patients.
While the technique illustrated here improves
coverage of the plate by the PQ, further studies are
needed to determine if coverage of the volar plate using
this technique improves clinical outcomes and reduces
complications among patients.
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